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O I Abstract 

o 

I The independent analysis of the pubhshed data on the intensities of the primary 

^ ■ 7-quanta fohowing resonance neutron capture in ^^^[/ has been performed. Distribu- 

tion of these intensities about the mean value was approximated in different energy 
I intervals of the primary gamma-transitions and neutrons. Extrapolation of the ob- 

tained functions to the zero registration threshold of the primary gamma-transition 
intensity allowed us to estimate (independently on the other experimental methods) 
^ [ expected level number of both parities for spin values J =1/2, 3/2 and sum of radia- 

^ ' tive widths for both electric and magnetic dipole gamma-transitions to levels with 

^ ■ excitation energy up to ~ 2.3 MeV. Level densities and sums of radiative strength 

2 , functions determined in this way confirm characteristic behavior of analogous data 

derived from intensities of the two-step cascades following thermal neutron radiac- 
tive capture in nuclei from the mass-region 40 < j4 < 200. Besides, this permits one 
^ , to estimate sign and magnitude of systematic uncertainties for their model predict- 

00 \ ed values, at least, below one half of the neutron binding energy. Comparison with 

^ ' the model notions of level density testifies to super-liquid phase of this nucleus for 

■ the main part of excited levels, at least, below 2.3 MeV. 

O ■ PACS: 21.10.Ma, 23.20.Lv, 27.90. +b 
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1 Introduction 



Precise models of level density p and radiative strength functions k = T / {E^DxA'^^^) 
of the populated them primary dipole gamma-transitions at the neutron radiative capture 
are necessary for estimation of experimental neutron cross-sections and their calculation 
at lack of experimental data. First of all, it is necessary for actinides. 

Available [Ij models, most probably, do not satisfy modern requirements to these data 
[2] . Their insufficient quality is conditioned by clearly small volume of reliable experimen- 
tal data on level density and emission probability, for example, of gamma-quanta. This 
results from significant errors of experiments performed up to now. Underestimation of 
uncertainties is largely caused by the use of obsolete notions of a nucleus for analysis of 
experiment. 

An increase of reliability level of the experimental data on p and k demands one to 
develop new methods for their determination at obliged minimization of number of any 
assumptions and hypotheses of mechanism of used nuclear reaction. 
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This condition is in high extent satisfied in analysis of the two-step gamma- cascade 
intensities following thermal neutron capture [3]. By means of this analysis it was observed 
for the first time the clearly expressed step-wise structure with a width of ~ 2 MeV in 
the level density p below ~ 0.5i?„ in a large set of nuclei. Further development of this 
method |1] brought to an additional determination of unknown fact of strong dependence 
of partial widths Fjj of not only primary but also following gamma-transitions on the 
energy of the excited levels / in the region of the structure mentioned above. 

Intensities /^^ were measured up to now only for the case of thermal neutron capture. 
Accumulated experimental data allowed one to determine the p and k values for 42 nuclei 
[3j (in the framework of standard hypothesis [5l [6] on independence of radiative strength 
functions on nuclear excitation energy). For two tens of them these data were obtained 
at relatively realistic accounting for function k{E^, E^x), experimentally estimated below 
excitation energy E^x ~ 3 — 5 MeV [1]. 

It should be noted that the observed in [3] considerable dtviation of relation 
R = k{E^, Eex) /k{E^, Eex = Bn) = 1 indirectly and relatively weekly infiuences the 
determined parameters of the cascade gamma-decay. This conclusion is true for the 
analysis of the intensities of the two-step gamma- cascades to the final levels with excitation 
energy E^x < 1 MeV. In this case, the maximum change in the calculated total radiative 
width of cascade intermediate level (with accounting for function k{E^, i?ex) derived from 
experiment) brings to decrease in the obtained according to |1] value of p in region of 
step-wise structure by a factor not more than 2 as compared with [3]. Therefore, method 
[4j provides the p and k values with the least at present systematic errors [7]. 

Nevertheless, obviously observed dependence of cascade intensity on the structure of 
all three levels included initial compound-state [8] stipulates for necessity to get new 
experimental data on p and k from the other experiments devoted to investigation of 
gamma-decay. In addition, the methods [21 S] belong to class of reverse problems (deter- 
mination of unknown parameters of functions measured in experiment) and, that is why, 
they require maximum possible verification and revealing all sources of systematic errors. 
In practice, this condition stipulates for necessity to get additional set of data on p and 
k from the maximum number of independent experiments. It is necessary also to solve 
the problem of estimating possible dependence of found according to [51 S] gamma-decay 
parameters of high-lying levels on energy of neutron resonances A and probable infiuence 
of their structures on the process under study. On the whole, analysis of the tenden- 
cies in determining p and k from solution of reverse tasks points to necessity in further 
investigations aimed to: 

• estimation of adequacy of model notions of gamma-decay process to experiment and 

• direct accounting for the coexistence and strong interaction between Fermi- and 
Bose-systems in the radiative strength function models. This must be done also in 
more details and more precisely in the level density models for nuclei of any mass 
and type. 
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2 Experimental data from the (n, 7) reaction and 
method of their analysis 

Both solution of the problem of correctness of model notions and necessity to study influ- 
ence of the structure of the initial compound-states on the cascade gamma-decay process 
is up to now the primary aim of experiment. At present, this can be done in analysis of 
experimental intensities of the primary gamma-transitions following capture of "filtered" 
neutrons with energy 2 and 24 keV (or by any averaging over resolved resonances). 

The most complete set of these data among actinides is accumulated for compound 
nucleus ^'^^U. Unfortunately, authors of corresponding experiments [9] used their data 
practically only for determination of spin and parity of excited levels on the base of 
notions of the limited "statistics" theory of gamma-decay. I.e., in the framework of the 
hypotheses: 

• on independence of k{El) and k{Ml) on structure of decaying (A) and excited (/) 
nuclear levels and 

• applicability of the Porter-Thomas distribution [10] for describing random deviations 
of the gamma-transition partial widths in any interval of their energy from mean 
values. 

There are no experimental evidences of hypothesis [51 El HH] for the data like [H] 
(concrete nucleus, given set of gamma-transition intensities). Therefore, the method of 
analysis must take into account possibility of non-execution of assumptions mentioned 
above. 



2.1 Algorithm of analysis 

The analysis is based on the following statements: 

• the number of the primary dipole transitions observed in the (n, 7) reaction is less 
than or equal to the value p x AE for any excitation energy interval AE and spin 
window determined by the selection rule on multipolarity; 

• the sum of widths of the observed transitions is less than or equal to the summed 
width of all the possible primary gamma-transitions; 

• the likelihood function of approximation of distribution of random intensity devia- 
tions from the mean value has the only maximum; 

• the experimental values of pAE and sum Txj can be determined with acceptable 
uncertainty from extrapolation by curve which approximates distribution of the 
random gamma-transition intensities to zero threshold of their registration; 
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• the averaging of random fluctuations of the primary gamma-transition widths over 
the initial compound states decreases dispersion of their distribution independently 
on reliability of hypothesis fTO]. I. e., any set of gamma-transition intensities from 
the (n, 7) reaction can be approximately described by the x^-distribution with un- 
known number of degrees of freedom v. (In practice this distribution is close to 
normal one with dispersion o"^ 2/ v.) 

This means that the number of the primary gamma-transitions from reaction (n, 7) 
with intensity lying below detection threshold of experiment [9] in any case considerably 
decreases as compared with analogous data obtained for decay of the only compound- 
state. In this case, determination of the primary gamma-transition intensity distribution 
parameters provides maximum possible precision for extrapolation of function of intensi- 
ties random values distribution into the region below the detection threshold. 

Therefore, precision in estimating the number of unobserved gamma-transitions and 
sum of their partial widths from the data [9] must be much higher than it can be reached 
by analysis of intensities of primary gamma-transitions following thermal neutron capture. 
Corresponding technique was developed earlier and tested on large set of the data on the 
two-step cascade intensities in 

The problem of principle importance in the analysis of such kind is really unknown law 
of distribution of dispersion of random widths about mean value. The fact of discrepancy 
between dispersion of random intensities of primary gamma-transitions and expected for 
a given nucleus value of v at the capture of 2 keV neutrons was first pointed out in [T2] . 
But up to now attempts to solve this problem were undertaken up to now. 

The Porter- Thomas distribution correctly describes distribution of the random partial 
widths of the tested gamma-transitions only when their amplitudes have normal distribu- 
tion with zero mean value. Therefore, they must be the sum of large number of items of 
different signs and the same order of magnitude. This condition must be fulfilled if wave- 
functions of the levels connected by gamma-transition contain a large amount of items 
with different signs and comparable magnitudes. Just these components are contained in 
matrix element for amplitude of gamma-transition. 

2.2 Some aspects of modern theoretic ideas of gamma-transition 
probability 



On the whole, existing theoretic developments, for example, quasiparticle-phonon nu- 
clear model (QPNM) [131 El call some doubts about applicability of mentioned above 
primitive ideas of gamma-decay. In particular, the regularities of fragmentation of the 
different complicated states studied in the frameworks of QPNM |I5j directly point to 
presence of items with considerable component of wave functions in the primary tran- 
sition amplitudes. First of all, this concerns wave functions of excited levels [15], but 
it is not excluded that the wave-functions of decaying compound states (neutron reso- 
nances) also have large components [T3]. This directly results in potential possibility of 
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rather considerable violation of the Porter- Thomas distribution. These violations can ap- 
pear themselves in limited [15] energy intervals of final levels and change dispersion of real 
distribution as compared with [TO] . Correlation between absolute values of items in ampli- 
tude of any gamma-transition and their signs for the data like [9J are unknown. Therefore, 
the suggested below analysis of available experimental data must take into account pos- 
sibility of strong dependence of the primary transition partial widths on structure and, 
correspondingly, energy of excited levels and cover all spectrum of their random devia- 
tions from the mean value. At least, it must guaranty obtaining the minimum possible 
estimation for p and the maximum possible - for k. Just this sign of deviation of their 
experimental values from the practically used [1] model ideas is provided by the analysis 

According to theoretical notions of QPNM, the amplitude of gamma-transition from 
high-excited nuclear state (neutron resonance) is a sum of different in structure elements 
|13j . Schematically [IT] they consist from a number of items which correspond to the 
following components of wave-functions of decaying and excited levels connected by the 
gamma-transition: 

(a) n-quasiparticle, 

(b) n-quasiparticle ® phonon, 

(c) n-quasiparticle ® two phonons and so on. 

I. e., amplitude of given gamma-transition can be determined by some components 
of physically different types. In common case they can have considerably different scale. 
And concrete values are determined by degree of fragmentation of the nuclear states 
enumerated above. The types of dominant components in the wave-functions of final 
levels excited by primary gamma-transitions can be different in principle, especially at 
low excitation energy of levels [TB] . 

The first part of amplitude (see, for example, [17]) for many rather high- lying levels 
is determined by a number of items of different sign and, on the average, comparable 
magnitude. This qualitative explanation follows from calculation of structures of low- 
lying levels of deformed nuclei performed by authors [16] and the most general principles 
of fragmentation of nuclear states of complicated structure as increasing excitation energy 

The following items in the gamma-transition amplitude (at sufficient energy of excited 
level) account for contribution of those components which cause change in wave functions 
by one phonon. I.e., it follows from main theses of QPNM, for example, that the all 
multitude of the primary gamma-transition amplitudes cannot be reduced to one limited 
case as it was suggested in [lOj . 

2.3 Some peculiarities of experimental data 

Experimental investigations of various target-nuclei were performed in BNL. But only 
even-odd target-nucleus 236-[j chosen for the analysis presented below. This choice is 
stipulated by maximum interval of the primary gamma-transition energies listed in [9]. 
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Even-odd compound-nucleus has an only possible spin at capture of s-neutrons and two 
possible - for p-neutrons. Analysis of intensities in the last case requires one to introduce 
and then determine the number of parameters corresponding to even-even nucleus. Even- 
odd compound nucleus at its excitation by s-neutrons represents methodically a particular 
case of the task considered in [TS] . 

The width FWHM=850 eV of filtered neutron beam with the energy of 2 keV in the 
performed experiments was determined by interference minimum in the total cross section 
of scandium. The average spacing between neuron resonances in ^se-y gq^^ls 12 eV and 
this provides minimum number of the primary gamma-transitions whose intensities are 
less than detection threshold. 

If one does not account for: 

(a) the change in neutron flux in the energy interval mentioned above; 

(b) the possible strong correlation of partial radiative widths and 

(c) the presence of noticeable statistic errors in experimental data 

then dispersion o"^ = 2/z/ of their expected distribution can be not less than ~ 0.03. 
In presence of absolute correlation between reduced neutron width and partial radiative 
widths one can estimate maximum possible dispersion from the folding of two disper- 
sions by the value o"^ = 8/z/ > 0.12. 

I.e, the main part of the primary gamma-transition intensities observed in the nucleus 
under consideration must exceed experimental detection threshold. Therefore, expected 
errors of extrapolation must be small enough. 

It is assumed in analysis that all the distributions of the primary gamma-transition 
intensities from reaction (n, 7) have only the following unknown parameters: 

(a) the averaged reduced intensity of gamma-transitions populating levels 
J =1/2, 3/2; 

(b) the portion B = 1^/™") / (J™"^) of reduced intensities of gamma-transitions to levels 
J = 5/2 relatively to that to levels J = 1/2,3/2 (practically - for intensities of primary 
transitions following capture of neutrons with energy of 24 keV; 

(c) the ratio Rk = k{Ml)/k{El) which is independent on spin values of the levels 
populated by the primary transitions; 

(d) the expected and equal numbers A^^ of gamma-transitions to levels J = 1/2,3/2 
and J = 5/2; 

(e) as well as the dispersion o"^ measured in units of degree of freedom u. 

Naturally, these parameters are to be determined independently for each energy inter- 
val of the primary gamma-transitions. 

The presence of statistical errors in determination of each experimental value of 
(I^/E^) automatically increases experimental dispersion of distribution and decreases 
the u value. It is assumed that their relative systematic errors in each energy interval are 
practically equal. 

Of course, this notion assumes that the structures of initial compound-state and a 
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group of levels in rather narrow interval AE of excitation energy connected by the primary 
gamma-transitions of the same type weekly influence the mean reduced intensities {1-^/ E'^) 
of these quanta. 

Both performed in [8] approximation and interpretation of experimental data on 
k{El) + A; (Ml) and ideas of modern nuclear theories show that this assumption can 
contain considerable uncertainty (especially for wide energy intervals of the primary 
gamma-transitions under study). But the maximum accuracy in determination of the 
most probable values of A^^, B, R^, v and (J™"^) can be achieved, in principle, by recur- 
rent optimization of the primary gamma-transition energy intervals where are determined 
these parameters. 

One more problem is due to small volume of the set and difference in numbers of 
electric and magnetic dipole gamma-transitions in concrete intervals IS.E. Therefore, it 
is necessary to introduce and fix in analysis some assumption about number of levels 
of positive and negative parity in a given energy interval of nuclear levels. Below is 
used the hypothesis of equality of number of electric and magnetic gamma-transitions. 
In practice, this ratio can be varied for any possible hypotheses of ratio between level 
densities with different parity for any given excitation energy interval. The problem 
of difference in level density of different parity disappears for values of i?^ ~ 1, the 
maximum error in determination of A^^ in case ^ corresponds to the lowest intensity 
transitions and insignificantly distorts desired sum In intermediate case, error 

of approximation will be stipulated, first of all, by difference in level densities of positive 
and negative parity - it will decrease as increasing excitation energy (as it was on the 
whole predicted by modern theoretical calculation of this nucleus parameter [T9]). 

Approximation of the mixture of the different type random values with respect to mean 
parameters by any distribution cannot determine their belonging to certain type without 
using additional information. But, accounting for the known fact that the magnetic 
gamma-transitions to the lowest levels are by order of magnitude weaker than electric 
transitions, one can extrapolate inequality Rk = k{Ml)/k{El) < 1 for the nuclei under 
study up to excitation energy where Rk = 1. There is not excluded that at higher energies 
of gamma-quanta k{Ml)/k{El) > 1. 

Strength function of p-neurons = 2.3(6) in isotope ^se^j noticeably exceeds strength 
function of s-neutrons 5*0 = 1-0(1) [20j. Authors of |2l] estimated that in this case the 
portion of captures of p-neutrons with energy of 2 keV equals approximately 15%. If one 
does not account for possible irradiation of small group of the primary dipole gamma- 
transitions following capture of p-neutrons and terminating at the levels with spin values 
J = 5/2, then the presence of this capture appears itself, most probably, as change 
in the Rk values for different energies of excited levels and corresponding increase of 
u. Therefore, the presence of small number of the 2 keV p-neutron captures must not 
noticeably influence accuracy in determination of the expected values of A^^ and sum 
k{El) + k{Ml). 

There is no problem of p-neutron capture for the data on the intensities of primary 
gamma-transitions for resolved resonances. Absolute normalization of partial widths for 
each resonance performed in [9] allows one to provide for the most effective averaging of 
them. Unfortunately, arithmetic mean value of Fj/ inevitably shifts to lower values by 
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different for each gamma-transition quantity M x AFj/. Partial width AFj/ of each from 
M gamma-transition with intensity lying below registration threshold in given resonance 
varies from zero to some maximum magnitude. That is why, averaging over resonances 
additionally has this unknown specific error. 

Approximation of distribution of random values l-^jE^ was performed by analogy with 
for cumulative sums in function of increasing values of intensities. 

3 Results of analysis 



The examples of experimental distributions of cumulative sums of the primary tran- 
sition reduced intensities Y.^/E'^ = F{{I^/E^), N-y,^, Rk) were calculated for different 
values of concrete parameters and given in [18] . 




0,0 0,2 0,4 0,6 0,8 0,0 0,1 0,2 0,3 0,4 0,5 0,0 0,2 0,4 

.5> 




0,0 0,2 0,4 0,6 0,0 0,2 0,4 0,0 0,2 0,4 



Intensity 

Fig. 1. The histogram represents experimental cumulative sum of reduced relative in- 
tensities {I^)/E^ for ^^^U. Smooth curve shows the best approximation. The intervals of 
excitation energy Ei of final nuclear levels are shown in figures. Experimental data for 
neutron energy 5 < Bn < 125 eV. 

This was done only under condition of correspondence between experiment and ac- 
cepted hypotheses of the distribution form of the primary transition random intensities. 
The presence of functional dependence of the primary transition intensities on some "hid- 
den" parameter can result in maximal errors of approximated values of the most probable 
number of gamma-transitions and dispersion of their deviation from mean value. Mod- 
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Intensity 

Fig. 2. The same, as in Fig. 1, for E„ fti 2 keV. 




Intensity 

Fig. 3 The same, as in Fig. 1, for En ~ 24 keV. 
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ern nuclear theory does not consider this possibihty; there are no experimental data on 
existence of "hidden" dependence, as well. Therefore, it is not taken into account below. 

Experimental cumulative sums of the {mE^) relat ive values are shown in fies. 1-3 
together with their best approximation. The data are presented so that the expected total 
intensity of gamma-transitions lying below detection threshold corresponds to the most 
probable value of cumulative sum for {I^/E^) = 0. 

At low energy Ei of final levels, accuracy in determination pf parameters of approx- 
imating curve must get worse due to inequality of level density with different parity. 
Most probably, this increases error of extrapolation of gamma-transition intensities to 
zero value. This can result in overestimating of A^^ values. 

The best values of fitting parameters u and Rk are are given in figs. 4 and 5. No- 
ticeable change in these parameters of approximation for 0.7 < Ei < 1.2 MeV points 
to considerable change in structure of given even-odd isotope in this excitation energy 
region. 




E , MeV 

ex' 



Fig. 4. The histograms represent the best values of ratio k{Ml)/k{El) for different 
excitation energies of levels populated by dipole gamma-transitions. Line 1 represents 
data for 5 < E„, < 125 eV, line 2 - for E„ ^ 2 keV and line 3 - for En ^ 24 keV. 

The best values of level density p = J2j,n ^-y/^^ summed radiative strength 
functions J2{I-y) /{E^N^) are given in figs. 6 and 7. Normalization of intensities and 
strength functions in both [3] and [9] was done to their absolute values. Because gamma- 
transition intensities following capture of "filtered" neutrons are listed in |T0] in relative 
units than corresponding strength functions Fig. 7 are combined with "resonance" values 
under assumption of their approximate equality. 
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Fig. 6. The same, as in Fig. 4, for tlie density of excited levels. Line 4 represents 
calculation within model [22] for spin values J=l/2 and 3/2. Points correspond to number 
of levels observed in resolved resonances. 
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Fig. 7. The summed radiative strength functions derived from the data on capture of 
neutrons with different energies En- black points - 5 < < 125 eV, open points - 
En ^ 2 keV, triangles - En ^ 24 keV. Line 1 represents calculation within model |5j, line 
2 - calculation within model [23] together with k(Ml)= const. 
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3.1 Some sources of systematic errors 



Absolute minimum of for all used sets of intensities is achieved practically for the 
only A^^ value. Change in this parameter by ±1 brings to significant increase in y^. This 
allows one to neglect possibility of considerable (for example, 10-20%) error of determined 
level density. 

Main problems in determination of nuclear parameters and their systematic errors, 
most probably, are stipulated by: 

(a) the use of assumptions on the distribution form of the random intensity deviations 
from the unknown mean value and 

(b) possible presence of significant errors in the set of the intensities under analysis. 

1. The Porter-Thomas distribution allows very considerable random deviations of 
partial widths. But the measured gamma-transition intensities are always limited by 
finite value of the total radiative width of decaying state. Therefore, the set of the best 
values of parameters depends on the total width of region for approximation of cumulative 
sums. Mainly this concerns the best value of parameter v. In the performed analysis, 
intensities were normalized so that their maximum value would not exceed 50-70% of the 
approximation region width. 

2. The main error of analysis can be related only to the "loss" of gamma-transitions 
whose intensities exceed threshold value and/or due to mistaken identification of the 
secondary gamma-transitions as the primary one. The probability of overlapping of two 
peaks corresponding to neighbouring levels was estimated in [21]. As it follows from 
the data presented by authors, this effect is rather small and, most probably, cannot 
explain considerable (several times) discrepancy between level density determined by us 
and predictions of the Fermi-gas level density model [22] . 

Considerable uncertainty could be due to even and significant loss of observed peaks 
corresponding to intense primary transitions (exceeding their detection threshold) owing 
to their grouping in multiplets with rather narrow (~ 1 — 2 keV) spacing between peaks. 
But this possibility is not predicted by modern nuclear models. 

3. In principle, there is possible the situation when gamma-transitions in all or larger 
part of chosen intervals of primary transition energies (with the width of some hundreds 
keV) have different mean values. Moreover, probability of relatively low-intense tran- 
sitions strongly but smoothly increases as decreasing their intensities. Potentially, this 
effect can be due to by fragmentation mechanism of states over concrete neighbouring 
nuclear levels. 

Apparently, only such hypothesis can be alternative potential explanation of "step- 
wise" structure in level density in analysis performed in this work. Application of this 
hypothesis to the level densities determined according to [H Hj requires that the main 
portion of levels with the same J'" below ^ 0.5-B„ would not be excited by the primary 
gamma-transitions. Besides, some Cooper nucleon pairs would break simultaneously at 
low in comparison with i?„ nuclear excitation energy. We cannot suggest other possibility 
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for precise reproduction of the two-step gamma- cascade intensities in calculation. 
3.2 Interpretation of the obtained results 




E ,MeV 

ex 

Fig. 8. The points represent the coefficient of collective enhancement of level density, 
the line shows the values of parameter 6i used in [3l [27] for calculating partial density of 
three-quasiparticle levels. 

The physics important information on level structures below ^ 0.5i?„ can be extracted 
from the values of coefficient of collective enhancement of level density: 

p{U, J, tt) = pqp([/, J, 7i)K,on{U, J, vr). (1) 

According to modern notions, Kcow determines in deformed nucleus [Ij a degree of 
enhancement of level density of pure quasi-particle excitations Pqp{U, J,ii) due to its vi- 
brations and rotation. In very narrow spin window considered here one can accept in 
the first approach that, to a precision of small constant coefficient, it equals coefficient of 
vibration increase in level density -ft'vibr- On the whole, the last is determined by change 
in entropy of a nucleus 6S and redistribution of the nuclear excitation energy 6U between 
quasi-particles and phonons at nuclear temperature T: 



-^vibr = exp{6S — 6U /T). 
14 



(2) 



The experimental data at hand on level density and existing model notions of it do not 
allow one unambiguous and reliable determination of the i^vibr value for arbitrary nuclear 
excitation energy U even at zero systematic error in determination of function p{U, J, n). 

Now is no possibility for ambiguous experimental determination [25] of breaking 
threshold of the first, secondary and following Cooper pairs, value and form of cor- 
relation functions 6^ of Cooper nucleon pair number N in heated nuclei. The main 
uncertainty of is caused by the lack of the experimental data on function 6n = f{U), 
the secondary - by uncertainty of level density of single-particle levels g in model [26]. So, 
in three different, model dependent approximations of level density in large set of nuclei 
of different type [25] and [27j, the threshold E2 of five-quasi-particle excitations differs by 
a factor of 1.5-2. 

In practice, for estimation of K^ihj. from the data [21j we used the second variant of 
notions of correlation function of Cooper pair in heated nucleus [2S]- In calculation were 
used the values 5=0.83 MeV, g=14: MeV^^. The best value of breaking threshold for the 
first Cooper pair was found to be equal to Ei = 0.55 MeV when using the assumption 
on independence of Kmbr on nuclear excitation energy. At low excitation energy this 
assumption is, most probably, unreal (see Fig. 8). 

Parameter Kcou — 1 determined from comparison between the calculated in this way 
density of three-quasiparticle excitations (J=l/2, 3/2) and its most probable experimental 
value is shown in Fig. 8 together with calculated value of 61. 

Significant correlation of this coefficient with 61 from [27] and from the second variant 
of the analysis [25] is observed in the excitation energy interval below approximately 1.2 
MeV. At higher excitation energy, decrease in degree of correlation can be related to both 
considerable contribution of five-quasiparticle excitations in the function Pqp{U, J, it) and 
less than it is accepted in |25l [27] rate of function 61 at U > 1.2 MeV. 

The data presented permit one to make the following conclusions: 

1. The study of the ^^^U nucleus excited in reaction (n, 7) by neutrons with energies 
0.005-0.12, 2 and 24 keV allow us to observe the same properties as those revealed for ~ 40 
nuclei from the mass region 40 < A < 200. There are: step-wise structure in level density 
and local enhancement of radiative strength functions of the primary gamma-transitions 
to corresponding levels. 

2. In the excitation energy region about 0.7-1.5 MeV occurs abrupt change in level 
structures. This appears itself in considerable enhancement of the k{Ml)/k{El) values 
and in strong difference of their distribution from normal distribution of random ampli- 
tudes of gamma-transitions. 

3. Experimental ratios k{Ml)/k{El) can be used for obtaining more unique values 
of strength functions of El- and Ml-transitions and data on relations between density of 
levels with different parity in the frameworks of methods [3l H] . 

4. The majority of the primary gamma-transitions observed in reaction {n, 7) corre- 
spond, probably, to excitation of levels with large and, maybe, weakly fragmented phonon 
components of wave functions. 
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4 Conclusion 



Analysis of the available experimental data on the primary gamma-transitions from 
reaction (n, 7) in compound nucleus ^^''U has demonstrated step-wise structure in level 
density and increasing radiative strength functions of transitions to levels lying in the 
region of this structure, at least, for the primary dipole transitions. I.e., it confirmed main 
conclusions of 0,11] . It showed also a necessity to reveal and remove systematic errors of 
experiment in alternative methods for determining only level density and simultaneously 
- all the parameters of the cascade gamma-decay. Very important for this are both correct 
accounting for effect of level structures on probability of emission of evaporated nucleons 
and cascade gamma-quanta in investigation of nuclear reactions at beams of accelerators 
and considerable reduction of systematic errors of experiment. 

Abrupt increase in dispersion (decrease in the v parameter) of random deviations 
of intensities from the mean (expected according to [lOj) values allows one to suppose 
the presence in their structure of considerable components of weakly fragmented nuclear 
states being more complicated than the three-quasiparticle states. Approximation of the 
obtained level density by Strutinsky model confirms considerable (~ 10 times) increase 
in level density due to excitations of mainly vibration type [27] . Comparison of the data 
presented in figs. 6, 7 with those obtained from analysis of two-step gamma-cascades 
permits one to make preliminary conclusion that the sharp change in structure of decaying 
neutron resonances, at least, in their energy interval ~ 24 keV is not observed. And there 
are no reasons to expect serious change in determined according to [3l H] level density 
and shape of energy dependence of radiative strength functions for the primary gamma- 
transitios from resonance to resonance. Further reduction of systematic errors of these 
nuclear parameters determined from the two-step gamma-cascade intensities undoubtedly 
requires reliable estimation of functions k{E^, Eex) for all energy interval of levels excited 
at neutron capture. 

The analysis performed in this work and its results point to necessity of experimen- 
tal determination of p and k by the method [1] in all practically important for nuclear 
energetics nuclei from the region of actinides. 
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